Abstract For the first time, the moss biomonitoring technique and inductively coupled plasma-atomic emission spectrometric (ICP-AES) analytical technique were applied to study multi-element atmospheric deposition in Albania. Moss samples (Hypnum cupressiforme) were collected during the summer of 2011 and September-October 2010 from 62 sites, evenly distributed over the country. Sampling was performed in accordance with the LRTAP Convention-ICP Vegetation protocol and sampling strategy of the European Programme on Biomonitoring of Heavy Metal Atmospheric Deposition. ICP-AES analysis made it possible to determine concentrations of 19 elements including key toxic metals such as Pb, Cd, As, and Cu. Cluster and factor analysis with varimax rotation was applied to distinguish elements mainly of anthropogenic origin from those predominantly originating from natural sources. Geographical distribution maps of the elements over the sampled territory were constructed using GIS technology. The median values of the elements in moss samples of Albania were high for Al, Cr, Ni, Fe, and Vand low for Cd, Cu, and Zn compared to other European countries, but generally were of a similar level as some of the neighboring countries such as Bulgaria, Croatia, Kosovo, Macedonia, and Romania. This study was conducted in the framework of ICP Vegetation in order to provide a reliable assessment of air quality throughout Albania and to produce information needed for better identification of contamination sources and improving the potential for assessing environmental and health risks in Albania, associated with toxic metals.
Introduction
Air quality can be monitored by measuring the concentration of pollutants in the air or directly on deposits by building models that describe the transport of pollutants or by using biomonitors (Markert et al. 2003) . Biomonitoring is a means to detect the deposition, accumulation, and distribution of trace metals in ecosystems. Through the use of different types of vegetation, the levels of atmospheric trace metal deposition have been successfully monitored (Schilling and Lehman 2002) . Ectohydric mosses can act as sensitive bioindicators as well as bioaccumulators of metal deposition in the environment (Vujičić et al. 2010) . The ability of ectohydric mosses to retain potentially toxic elements has lead to their use as monitors of air pollution (Rühling and Tyler, 1973 , 1984 . The most important properties of ectohydric mosses that make them suitable as biomonitors for monitoring air pollutants (Onianwa 2001; Zeichmeister et al. 2003) are related to the fact that they take up nutrients and trace elements directly from wet and dry depositions. Nutrient and element capture from the atmosphere is aided by the fact that ectohydric mosses have no vascular root system or waxy cuticle layer; hence, mineral adsorption occurs over their entire surface (Rühling and Tyler 1973) . The high ion exchange capacity and high surface to volume ratio favor the accumulation of the high concentrations of heavy metals across the moss cell wall with the time of exposure (Markert et al. 1999; .
The use of native terrestrial ectohydric mosses as biomonitors is now a well-recognized technique in studies of atmospheric contamination Harmens et al. 2010 Harmens et al. , 2011 2013a, b) and is applied as a practical mode in establishing and characterizing deposition sources.
The spatial distribution of 19 elements throughout the Albanian territory (62 sites) using the moss biomonitoring technique was explored in this research. For comparison, the Albanian data were compared with neighboring countries (Harmens et al. 2013a, b) and with Norwegian moss data from a pristine area (Steinnes et al. 2007) .
For better interpretation of the results, the contamination factors (CF) scales (Fernandez and Carballeira 2001) were used to interpret the results of CFs values obtained in this study and to distinguish the contamination level caused by each element. The scale is based on specific approach to terrestrial mosses, established by Fernandez et al. (2000) that allows categorization of determined sampling sites in terms of the CF values for each element while taking into account the method of dispersion of contaminants in the atmosphere. The contamination factors are calculated as the ratio of the median value of each element for Albanian mosses and the median value of each element for Norwegian mosses, which are considered as background level. The aim of this study was to investigate spatial trends of trace metals deposition in Albania by using mosses as biomonitors and to identify the problematic local sources of emissions.
Materials and methods

Sampling
Sampling was performed in a relatively dry season in September-October 2010 and June-July 2011 to a total of 62 sampling stations. Sampling locations were not evenly distributed due to geographical problems. All moss samples were collected and identified under the supervision of J. Marka from the Department of Biology, Faculty of Natural Sciences, University of Tirana; Marka and Sabovljevic (2011) recently listed bryophyte records from Albania.
Sampling was performed according to the guidelines of the LRTAP Convention-ICP Vegetation protocol and sampling strategy of the European Programme on Biomonitoring of Heavy Metal Atmospheric Deposition (ICP Vegetation 2010). One of the recommended moss species, Hypnum cupressiforme, occurs widespread in Albania. The sampling locations were situated at least 300 m away from main roads or buildings and 100 m from small roads and single houses. Most of the samples were collected in open areas. Five to ten sub-samples were collected within an area of 50×50 m and mixed in one composite sample. Most of the sampling sites in mountain areas are positioned in deep valleys by keeping the altitude lower than 1,000 m. Only five samples in the Korca-Pogradec region (Albania South-East) are collected from the plateau region with an elevation lower than 1,300 m (points marked with "X" in Fig. 1) .
The green or greenish-brown parts representing 3-5 years of growth of the plant were used for further analysis without washing or other treatments. To prevent any contamination of the samples, sampling and sample handling was performed using disposable polyethylene gloves. The distribution of the sampling sites and their geographic coordinates are shown in Fig. 1 .
Sample preparation
Unwashed green and greenish-brown parts of the moss were removed in dry conditions and cleaned from the foreign materials adhered to the surface of the samples such as tree bark, lichens, soil dust, and dead materials.
The samples were dried to constant weight for 48 h at 30-35°C. To reduce particle size and satisfy the conditions for homogeneity of the sample, the samples were ground and homogenized prior to analysis, using a mortar and pestle.
Chemical analysis
The content of 19 elements (Al, As, Ba, Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V, and Zn) in the moss samples was determined by inductively coupled plasma-atomic emission spectrometric (ICP-AES) (Varian, 715ES) and electrothermal atomic absorption spectrometry (ETAAS) for the determination of As and Cd (Varian, SpectrAA 640Z), performed at the Institute of Chemistry, Faculty of Science, Sts. Cyril and Methodius University, Skopje, Macedonia. Ultrasonic nebulizer CETAC (ICP/U-5000AT+) was used with ICP-AES for better sensitivity and signal stability. The solution used for preparing standard solution had a concentration of 1,000 mg L −1 (Merck, ICP multi-element standard solution IV). P and V were added to ICP multi-element standard solution IV from the Merck Sertpur standard solutions (1,000 mg L
−1
). The concentrations of the elements in calibration solutions were 0.01, 0.03, 0.05, 0.1, 1.0, and 5.0 mg/L for trace elements (Ba, Cr, Cu, Li, Ni, Pb, Sr, Zn, and V) and additionally included 10, 50, and 100 mg/L for the other elements (Al, Ca, Fe, K, Mg, Mn, Na, and P). The standard solutions for As and Cd in the ETAAS analysis were also prepared from the Merck Sertpur standard solution (1,000 mg L , respectively. The optimal instrumental conditions for the determination of As and Cd were given by Balabanova et al. (2010) . The eventual mutual spectral interferences of spectral lines were checked and appropriate lines were used.
Moss samples were digested using a microwave digestion system (Mars, CEM, USA) according to the method presented by Barandovski et al. (2008) and Balabanova et al. (2010 
Quality control
The quality control of ICP-AES results was ensured by multiple analyses of the examined samples and moss reference materials M2 and M3 (Steinnes et al. 1997; Harmens et al. 2010 ). The measured concentrations were generally in good agreement with the recommended values (Table 1) . Although recoveries were sometimes low (e.g., Ca in M2) or high (e.g., Cu in M3) in one of the reference materials, this was not the case for the other reference materials (e.g., Ca in M3 or Cu in M2). In addition, blanks were run parallel to the decomposition and the analysis of the samples.
Statistical analysis
Elemental concentration data were analyzed using factor analysis (FA) in order to identify the main source categories of moss samples regarding site contamination and element distribution. Data were processed by cluster and FA analysis with Varimax Rotation by using the MINTAB 15 software package. The term cluster analysis encompasses a number of different methods for grouping objects with a certain similarity, into respective categories, by assuming that the degree of association between two objects is maximal if they belong to the same group and minimal otherwise. Cluster analysis simply discovers structures in data without explaining interpretation why they exist. Factor analysis is a powerful tool for reducing a number of observed variables into a smaller number of artificial variables that account for most of the variance in the data set. FA is a variable reduction procedure. As the result of this redundancy, it should be possible to reduce the observed variables into a smaller number of principal components (artificial variables) that will account for most of the variance in the observed variables.
Cluster and factor analyses, as important tools in multivariate statistical analysis, were used to identify and characterize the contamination sources and the most contaminated areas. The concentration matrix of 19 elements in mosses from 62 sampling sites was used for a factor analysis by means of principal components.
Cluster analysis is used to detect the groups of samples with similar patterns of element concentrations. The numbers of the groups and most important factors were determined. FA is a powerful technique often used in ecology to reduce the amount of data and stabilize subsequent statistical analyses (Vaughan and Ormerod 2005) . FA plot of loadings were used to shows correlations between the original variables and the first two factors .
Results and discussion
The results of the descriptive statistics analysis of the elemental concentrations determined in the Albanian moss samples (min, max, mean and median, see Table 2 ) were compared with those of other Balkan countries and Norway (Table 3 ). The data from 2010 of a selected Norwegian moss study used as pristine area are shown in Table 3 . The present median values of the elements associated with air pollution (V, Cr, Ni, Cu, As, Cd, Pb) are generally comparable with those observed in Bulgaria, Croatia, Kosovo, Macedonia and Romania (Harmens et al. 2010; 2013a, b; Marinova et al. 2010; Thöni et al. 2011; Spiric et al. 2012; Barandovski et al. 2008 Barandovski et al. , 2012 Stafilov et al. 2003; Balabanova et al. 2010 Balabanova et al. , 2012 Bačeva et al. 2011 Bačeva et al. , 2012 , but substantially higher than the corresponding values from Norway or other European countries (Harmens et al. 2010; 2013a, b) . In principle, we could use the Norwegian data for 2010 to establish the CF factor, however, this cannot be done because the data of 2010 belong to the whole of Norway, not to a pristine area, and not all the elements that we have determined are reported in the report for the 2010 moss survey (Harmens et al. 2013a, b) . Therefore, the Norwegian data of 2005 and 2010 are very close to each other; the results do not appear high in temporal variation (Harmens et al. 2013a, b; Steinnes et al. 2011) .
Al, Cr, Fe, Ni, and V values are high in Albania, all related to wind-blown soil dust which represent historical deposition or originate from mineral soil layer, in addition to industrial activity. (Steinnes et al. 1997; Harmens et al. 2010) Cu, Cd, and Zn concentrations were generally low in mosses sampled in Albania compared to many other European countries (Harmens et al. 2013a, b) . The order of the elements according to their abundance is Cd < As < Li < Pb < V < Cu < Ni < Cr < Zn < Ba < Sr < Mn < Na < P < Mg < Fe < Al < K < Ca. High variation exists in the concentrations of most elements in the moss samples. Coefficients of variation (CV) for most elements are moderate (25-75 %; Table 2 ). CV value is the highest for Ni (170 %) followed by As (118 %), Pb (98 %), Cd (97 %), Cr (85 %), and Zn (82 %). Only Ca has relatively weak variability, with CVs below 25 %. Coefficients of skewness are greater than 2 for most elements, and only Ba, Ca, and Mg have a coefficient lower than 2, indicating that the frequency distribution of most moss elements in the study area are strongly positively skewed. All the coefficients of kurtosis of moss elements exceed 0, suggesting that most values are still concentrated around the central tendencies. The great variation, positively skewed distribution, and high kurtosis suggest that the trace element concentrations were affected by complicated factors (Wang et al. 2010) . For better interpretation of the results, the CF scales were calculated (Table 4) . By examining the CFs data of each element as shown in Table 4 , a few observations can be made. The CFs results indicate that the elements Mn, Zn, Ba, Cd, Cu, Mg, and Sr are associated with the first two categories of scale, C1 and C2, i.e., uncontaminated areas (a CF of 2 can easily obtained from natural variation). As and Ca are associated with the contamination of the third category of scale, C3, described as slightly polluted areas. As and Ca originate mainly from sulfide minerals (Lazo et al. 2007) ; and calcium carbonates formation in some areas of Albania. From all of the 19 elements, there are a few metals associated with the moderately or severely polluted scale of classification, such as Fe, Ni, and V (CF=4) and Al and Cr (CF=5). The distribution maps of Al, As, Cr, Fe, Ni, and V (C3, C4, and C5 categories of scale) are presented in Fig. 2 . The maps suggest a high level on wind-blown dust in the south and high level (for most metals) of industrial activity focused in the mid-east of Albania. The main contribution of Cr, Fe, Ni, and V elements is coming from the Elbasan ferrochromium metallurgical plant (Lazo et al. 2013 ) and mine industry in Albania.
Correlation of the data
To distinguish between the lithogenic and anthropogenic origin of the elements in moss samples, correlation analysis was carried out. The results of correlation analysis are shown in Table 5 .
In Table 6 , linear regression is displayed for the significantly correlated elements (R 2 >0.5, P <0.005). The Hypotheses of Significance Test of Linear Regression was set and the t test (P =0.95, N −2 degree of freedom) was calculated by setting the following conditions:
(1) The Null Hypothesis, H0, slope=0; meaning that the linear relationship between two elements (x and y) is not significant vs. (α=0.05), and: (2) H1, slope ≠0 (α=0.05); meaning that the linear relationship between two elements (x and y ) is significant.
Multivariate analysis
Through the results of factor analysis, the extracted principal components were interpreted as source categories contributing to elements' concentrations at the sampling sites. The identification of source categories was undertaken by examination of the profiles of the principal components, i.e., loadings of the elements and other variables on the varimax rotation (orthogonal). The main criteria in selecting the optimal models of source identification of major sources with physically reasonable principal components, is those Eigen values or variances larger than 1 after varimax rotation. The moss samples no. 1 to 32 were collected during the first sampling campaign (September-October 2010) and the rest of samples (no. 33 to 62) were collected during the summer of 2011 (July and August 2011). Aiming to distinguish the influence of weather condition on elements concentration on the samples collected during different periods, the cluster analysis of the observations was done. This classification, which put together the 53 samples collected during two different sampling campaigns (September-October 2010 and the summer of 2011, July and August 2011), does not show any influence caused by the weather conditions on elements concentration in moss samples.
To check the manner of elements distribution, the cluster analysis of variables (correlation coefficient distance, complete linkage and similarity level 70 %) was conducted. The dendrogram of the correlation coefficients distance of deposited elements in mosses of Albania obtained from cluster analysis is presented in Fig. 3 . The dendrogram of cluster analysis based on Pearson correlation coefficients, as the measure of similarity of variables (elements, see Fig. 3 ), shows that the deposited elements can be divided into 10 groups (Complet Linkage; Correlation Coefficients Distance; Similarity level 70 % ).
Clusters 1 and 4, with 69 % of similarity level between them, contain the elements Cu, Pb, and Zn. These elements are typical elements which are consequences of air transport and they are not influenced by lithological background. Road transport may have a considerable effect on the high content of Pb in mosses, while Pb acts as the marker element for motor vehicle emissions (Huang et al. 1994) . Zn and Cu are mostly associated with city dust, traffic exhaust, soil, and resuspended road dust. Zn is present near the most heavy traffic areas in the central part of Albania and in the north of the central part of the country with high mineralization of sulfides (Lazo et al. 2007) .
Clusters 2 and 10 with high similarity level between them, contain the elements As and Ca. Arsenic occurs naturally in soil and minerals and may enter the air as wind-blown dust particles (WBK and Associates Inc. 2004) . Clusters 3 and 6 with high similarity level between them, associated with the elements Al, Li, V, Cr and Fe, and Ba and Sr. These associations may be attributed to their geogenic origin (Tume et al. 2010) . The association Cr and Fe is also related to air pollution (Lazo et al. 2013) . Their highest concentration (Fig. 2) is present near the ferrochromium metallurgy in Elbasan town and chromites deposition areas of Albania. Table 4 The data of the contamination factors (CF) and contamination classification (Fernandez et al. 2000) for metal concentrations in mosses in Albania Parameter Cluster 5: The presence of Mg and Ni in the same Cluster explains their mixed lithogenic (Rudnick 2003) and anthropogenic origin (Huang et al. 1994) . The association of Ni and Mg is also related to air pollution. Cluster 7 contains only Na.
Higher Na values in coastal areas are probably due to cation exchange on the moss surface with sea salt ions (Gjengedal and Steinnes 1990; Steinnes 1995) in coastal parts of the country. Cluster 8 contains only the element Mn, which may originate from both natural and anthropogenic sources. Natural emission sources of manganese to the atmosphere are the result of erosion of soils and dusts.
Anthropogenic activities that lead to the release of manganese and manganese compounds to air include industrial activities (such as alloy production and steel foundries) and combustion of fossil fuels in power plants, coke ovens and automobiles (WBK and Associates Inc. 2004) .
Cluster 9 contains the elements K and P, which are probably related to the high accumulation as well as poor retention of these luxury nutrients in mosses (Brown and Bates 1990) .
For a better interpretation of factors influencing element distribution in mosses, factor analysis with varimax rotation for Al, As, Ba, Ca, Cd, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V, and Zn was used (Table 7) .
Factor 1 is the strongest factor representing 24.4 % of the total variance. It is influenced by high values of Al, Li, Ba, Sr, V, Fem and As. This group of elements is probably naturally distributed as typical soil elements (Rudnick 2003) . Most of these elements are typical of crustal material, and most probably, this component may reflect the contamination of moss samples by soil particles. The presence of Al in this group is a confirmation of this assumption, since Al compounds are insoluble and most of the Al found in biological systems comes from dust contamination.
Factor 2 is the second strongest factor, with 15.0 % of the total variance. It is mainly influenced by high loadings of Ni, Mg, Cr, and Fe. These elements are typical for chromites ores and may be associated with mining and ferrochromium metallurgy industries. The main contribution of these elements is coming from the Elbasan ferrochromium metallurgical plant (Lazo et al. 2013 ) and the chromium mine industry in Albania.
Factor 3 represents 13.8 % of the total variance. This factor is negatively loaded with Cu, Pb, and Zn, distinguished by typically anthropogenic source related mainly to traffic emissions. The negative loading values may indicate a reverse tendency of desorption or a decreasing concentration of these elements when the total metal concentrations increases, maybe indicating a great influence of weather conditions, wind speed (Wehner and Wiedensohler 2002) , and the amount of precipitation being the main factors (Melaku et al. 2008) .
Factor 4 represents 12.9 % of the total variance. This factor is principally associated with negative loads of P, K, and Na. This could be associated with wet conditions, which may be specifically relevant for mobile elements such as sodium and potassium (IAEA-TECDOC-1338 2003 .
Factor 5 represents only 8.4 % of the total variance and is identified as the weakest factor. This factor is principally associated with high positive loads of Mn and moderate loads of Cu, Cd, As, and Al. Manganese does not occur as the free metal and is found in more than 100 minerals including various sulfides, oxides, carbonates, silicates, phosphates, Fig. 3 The dendrogram of hierarchical cluster analysis of 19 variables (elements) studied at 62 moss samples (Similarity level 70 % ). Final partition: Cluster 1: Cd; Cluster 2: As; Cluster 3: Cr, Li, V, Al, and Fe; Cluster 4: Cu, Pb, and Zn; Cluster 5: Ni and Mg; Cluster 6: Ba and Sr; Cluster 7: Na: Cluster 8: Mn; Cluster 9: P and K; Cluster 10: Ca and borates (Howe et al. 2004) . Albania is rich in sulfides, carbonates, silicates, and phosphates minerals, so geogenic origin of Mn in dust fine particles may be the main factor determining Mn in air.
Conclusion
This study confirms that moss biomonitoring is a valuable tool for the evaluation of atmospheric input of metals in the environment. The method is suitable for detecting spatial trends in heavy metal deposition. The differences in metals concentration in mosses between different parts of the country and the location of emission sources were expressed clearly, which reflect local variation in heavy metal deposition.
Only a few metals that belong to the group of elements which caused moderate or severe contamination, such as Fe, Ni, and V (CF=4) and Al and Cr (CF=5). In comparison with similar studies made in neighboring countries (Bulgaria, Croatia, Kosovo, Macedonia, and Romania) the results obtained for Albania show a similar picture. The high contents of Al, Cr, and Fe in mosses from Balkan countries indicated their geogenic source of origin.
Cluster analysis in combination with factor analysis proved to be a useful tool for the classification and identification of sources of air pollution, although the variability of the source apportionment estimates for some sources was rather large. In all, the results obtained were convincing enough to be used in atmospheric deposition studies investigating the trace elements in air pollution from different sources. The results obtained from the comparison of two source apportionment statistical methods were similar, especially regarding the level of similarity that we choose. 
